ABSTRACT The aim of this study was to determine the antimicrobial resistance of E. faecalis and E. faecium strains isolated from poultry and to carry out genotypic characterization thereof with the ADSRRSfingerprinting method (amplification of DNA fragments surrounding rare restriction sites) and analysis of the genetic relatedness between the isolates with different resistance and virulence determinants. Samples were collected from 70 4-week-old chickens and tested for Enterococcus. Minimum inhibitory concentrations of 11 antimicrobials were determined using the broth microdilution method. Detection of antibiotic resistance and virulence genes was performed using PCR, and molecular analysis was carried out using the ADSRRS-fingerprinting method. The highest percentage of strains was resistant to tetracycline (60.5%) and erythromycin (54.4%), and a large number exhibited high-level resistance to both kanamycin (42.1%) and streptomycin (34.2%). Among 8 genes encoding AME, the tested strains showed mainly the pres- erythromycin was encoded in 98.4% strains by the ermB gene. Genotypic resistance to tetracycline in E. faecium was associated with the presence of tetM and tetL (respectively, in 95.5 and 57.7% of the isolates); in contrast, E. faecalis strains were characterized mainly by the presence of tetO (83.3%). The virulence profile was homogenous for all E. faecium strains and included only efaAfm and ccf genes. All E. faecalis strains exhibited efaAfs, gelE, and genes encoding sex pheromones. The strains tested exhibited 34 genotypic profiles. Comparative analysis of phenotypic and genotypic resistance and virulence profiles and confrontation thereof with the genotypes of the strains tested showed that strains assigned to a particular genotype have an identical phenotypic resistance profile and a panel of resistance and virulence genes. The results of this study confirm that poultry can be a reservoir of resistant E. faecium and E. faecalis strains with multiple combinations of resistance and virulence genes, whose specific panel determines not only phenotypic characteristics but also has a strong correlation with the genotypic profiles of the strains.
INTRODUCTION
Bacteria of the genus Enterococcus are a component of the natural microbiota of the gastrointestinal tract both in humans and in animals. On the other hand, enterococci are considered as opportunistic pathogens mainly responsible for nosocomial infection in humans (Hollenbeck and Rice, 2012) and many types of infection in animals such as mastitis in cattle, diarrhea in swine and cattle, and septicaemic diseases in poultry (Seputiene et al., 2012; Maasjost et al., 2015) . Their ubiquitous nature, resistance to unfavorable environ-mental factors, and the capability of acquisition of antimicrobial resistance and virulence factors also have contributed to the increased Enterococcus share in opportunistic infections (Hollenbeck and Rice, 2012; Ali et al., 2014) .
A link between the wide use of antimicrobials in livestock production (ESVAC report, 2015) and increase in the frequency of isolation of resistant and multidrug resistant enterococci from farm animals and food of animal origin has been observed in the last decades (Cauwerts et al., 2007) . Under the selective pressure of specific antimicrobials, various resistance determinants can be co-selected and this phenomenon can lead to formation of a reservoir of resistant Enterococcus in animal intestinal microbiota. Resistant enterococci of animal origin can transfer resistance determinants to human microbiota, both commensal and pathogenic species of bacteria (Leclercq, 2009) . Although antimicrobials used in treatment and prevention in animals (including poultry) are not always exactly the same as antimicrobials used in human medicine, they can belong to the same class of chemotherapeutic agents (e.g., the exclusive use of ciprofloxacin in humans and enrofloxacin in animals) and can coselect resistant Enterococcus strains (Hersberger et al., 2005) .
Numerous studies have been conducted in the field of resistance patterns of Enterococcus isolated from poultry in Europe, North America, and Asia (Jackson et al., 2010; Tremblay et al., 2011; Liu et al., 2012; Seputiene et al., 2012; Maasjost et al., 2015) , but in Poland they are rare and limited only to analysis of phenotypic resistance (Różańska et al., 2015; St epień-Pyśniak et al., 2016) . On the other hand, molecular typing of Enterococci was performed to analyze the relationships between species, sources, and resistance profiles (Jackson et al., 2004; Katsunuma et al., 2008; Khan et al., 2005) . For analysis of the local diversity or outbreak strains, methods with high discriminatory potential (e.g., AFLP, PFGE) are desirable (Werner, 2013) . These criteria are met by the technique of ADSRRSfingerprinting (amplification of DNA fragments surrounding rare restriction sites). This method is characterized by repeatability, ease of interpretation of results, and high discriminatory potential, comparable to the "gold standard" of PFGE and, in the case of analysis of vancomycin resistant E. faecium (VRE), it showed even a higher discriminatory power (Krawczyk et al., 2003b) . This method does not require prior knowledge of the sequences of the analyzed strains; it has been successfully used for molecular typing of bacteria not only of the genus Enterococcus, (Krawczyk et al., 2003b) , but also for typing of other bacterial species (Krawczyk et al., 2003a; Krawczyk et al., 2007; Krutkiewicz and Klimuszko, 2010; Nowakiewicz et al., 2016) .
An analysis of the contribution of Enterococcus of poultry origin in the spread of the resistance phenomenon as well as the relationship between the resistance pattern, virulence, and genotype allows tracking the mode and direction of the spread of multi-drug resistant and potentially virulent strains in humans. Poland is one of the largest producers and consumers of poultry meat in Europe (Konarska et al., 2015) and there is no data from Poland concerning the analysis of resistance and virulence of Enterococcus spp. isolated from poultry in relation to their genomic profiles.
The aim of this study was to provide data from Poland on the antimicrobial resistance in E. faecalis and E. faecium strains isolated from poultry and to carry out genotypic characterization thereof and analysis of the genetic relatedness between the isolates with different resistance and virulence genetic determinants.
MATERIALS AND METHODS

Sampling
Fecal material was collected from 70 4-week-old chickens from 10 different flocks (7 samples from each flock) located in southern and eastern Poland spaced at least 20 to 100 km apart. The samples were originally delivered to the State Veterinary Laboratory for testing the presence of Salmonella (Dz. Urz. UE L 325, 2003 Regulation No 2160/2003 of the European Parliament and the Council on the control of Salmonella and other specified zoonotic pathogens transmitted by food, official examination). After preselection, which excluded these bacteria, the samples were analyzed for the presence of bacteria of the Enterococcus genus. All farms from which the material originated kept the animals in the intensive farming system (on deep litter). Information on chemotherapeutic agents used previously in the animals tested was not available.
Stool samples (one g) were incubated in buffered peptone water for 12 h at 37
• C. The material was plated in the amount of 100 μl on Slanetz-Bartley Agar (Biocorp, Warsaw, Poland) and incubated at 41
• C for 48 hours. To demonstrate the possible existence of different Enterococcus species and/or different resistance profiles of isolates within individual animals, the 4 most macroscopically different colonies from each sample were chosen for further analysis.
Identification to the genus Enterococcus was based on micromorphology (Gram-staining), catalase tests, ability to hydrolyse bile aesculin, and ability to grow in the presence of 6.5% NaCl. Species identification (E. faecalis and E. faecium) was performed using 16S-23S rRNA intergenic region restriction endonuclease analysis according to previously described protocols (Nowakiewicz et al., 2015) .
Antimicrobial Susceptibility Testing
Drug susceptibility of the isolates obtained was evaluated using the microdilution method (house kits prepared by ourselves were used) in accordance with the guidlines of the Clinical and Laboratory Standard Institute M100-S24 (CLSI, 2014 VAN-vancomycin. 3 NT -Not tested for E. faecalis due to its natural resistance. 4 Statistically significant differences between E faecalis and E. faecium.
ATCC 29212 and E. faecalis ATCC51299 were used as quality controls. Multi-drug resistance was defined as a profile including resistance to at least one agent in 3 or more antimicrobial classes (Magiorakos et al., 2012) .
DNA Isolation
DNA was isolated from 24-hour bacterial cultures on Columbia Blood Lab Agar (Biocorp, Warsaw, Poland) using ready-made kits -Bacterial and Yeast Genomic DNA Purification Kit (Eurx, Gdańsk, Poland) -according to the manufacturer's procedure and using mutanolysin (50 U per sample) (A & A Biotechnology, Gdynia, Poland) to achieve bacterial lysis. The isolated DNA was used for both the detection of resistance and virulence genes and the ADSRRS-fingerprinting analysis.
Detection of Antibiotic Resistance and Virulence Genes
The isolates were tested for the presence of resistance and virulence genes by the PCR method. The following genes were selected: genes encoding resistance to macrolides [ermA, ermB, ermC] , tetracycline [tetM, tetK, tetO,tetL] The primers and cycling conditions used for detecting resistance and virulence genes were as previously published (Table S1 ). All reactions were performed in a thermal cycler (T Personal thermal cycler -Biometra GmbH, Goettingen, Germany), using Gold Taq MIX (Syngen Biotech, Wroc law, Poland) and appropriate primers (Sigma Aldrich, Darmstadt, Germany).
The results were analyzed statistically (R programme ver. 3.1.1; Vienna, Austria) using the t student test (correlation between resistance and bacterial species).
Amplification of DNA Fragments Surrounding Rare Restriction Sites (ADSRRS-Fingerprinting)
The ADSSRS-fingerprinting procedure was performed as described by Krawczyk et al. (2003b) with a few modifications. The reaction of restriction endonuclease digestion of genomic DNA (150 to 250 ng) was carried out with 25 μl of a reaction mixture composed of 10 U XbaI, 5 U BglII, and 5 μl Tango buffer (ThermoScientific R , Waltham, MA, USA) at 37
• C, and the digestion time was shortened to 60 minutes. For ligation, appropriate adapters (Krawczyk et al., 2003b) , corresponding to cohesive ends of restriction fragments and T4 Ligase (0.5 μl) were used. The ligation reactions were carried out at room temperature for 60 minutes. The standard procedure for purification and precipitation of DNA following the enzymatic reactions (endonuclease digestion and ligation reaction of adapters) was replaced by thermal inactivation at 80
• C for 2 min and at 70
• C for 5 minutes. The PCR reaction was carried out using 25 μl of a reaction mixture composed of 2 μl of the solution after the ligation reaction, 2.5 μl of 10x Shark reaction buffer (200 mM TrisHCl pH 8.8, 100 mM KCl, 100 mM (NH 4 ) 2 SO 4 , 1% TritonX-100), Hypernova DNA Polymerase Pwo one U, 2.5 μl of a dNTP mixture (the concentration of each nucleotide was 2.5 mM), 2 mM MgCl 2 (Blirt, Gdańsk, Poland), and 50 pmol of each primer (Genomed, Warsaw, Poland).
The reaction conditions for the thermal cycler (T Personal thermal cycler -Biometra GmbH, Goettingen, Germany) were as follows: initial cycle of 94
• C for 5 min, 72
• C for 5 min to fill in the ends of the DNA fragments, and initial denaturation at 94
• C for 5 min (pre-PCR), followed by 22 cycles of 94
• C for 30 s, 60
• C for 30 s for E. faecium, or 56
• C for 30 s for E. faecalis, and 72
• C for 1.5 min, after which an extension cycle of 72
• C for 5 min was added. Electrophoretic separation of PCR products was carried out in 6% polyacrylamide gel (Sigma-Aldrich Germany). Electrophoretic profiles were fixed using Vision-capt Quantum (Vilber Lourmat, Marne-le-Vallaee Cedex, France).
BIO-1D++ 11.9 software (Vilber Lourmat, Marne-leVallaee Cedex, France) was used for cluster analysis of the strains by the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). The similarity index of the isolates was calculated using the Nei Lee correlation coefficient option of the software with position tolerance and optimization of 1%.
RESULTS
Bacterial Isolation and Identification
In the study comprising 70 4-week-old chickens, 66 animals were positive for Enterococcus spp. Genotypic identification revealed that out of the 264 initially isolated Enterococccus spp., 146 strains belonged to E. faecium and 84 to E. faecalis (from one to 4 isolates were obtained from each of the 66 animals). The other isolates represented other species of Enterococcus and were excluded from further analysis. E. faecalis was the only species isolated from 15 animals (21.4%), while E. faecium was the only species present in 33 (47.2%) of the animals. From the other animals (n = 18, 25.7%), E. faecium and E. faecalis were isolated simultaneously in various proportions.
Phenotypic Resistance Profiles
In the further stage of the analysis, phenotypic susceptibility to 11 chemotherapeutic agents was determined. To eliminate analysis of duplicate strains of the same species isolated from the same individual, the selection criterion of different MIC values was used. Isolates derived from the same host with different MIC values for at least 3 antimicrobial agents were considered as distinct. Finally, for further studies, 114 isolates were classified as separate strains: E. faecalis (n = 44) and E. faecium (n = 70).
The isolated strains showed highly diverse resistance. Regardless of their species, the highest percentage of the strains was resistant to tetracycline (60.5%) and erythromycin (54.4%), and a large number exhibited high-level resistance to both kanamycin (42.1%) and streptomycin (34.2%). Significantly lower resistance to ciprofloxacin (21.9%) and rifampicin (16.7%), and highlevel resistance to gentamicin (5.3%) were reported (Table 1) . Due to natural resistance of E. faecalis to streptogramins, resistance to quinpristin-dalphopristin was analyzed only for E. faecium strains (only a single strain showed resistance to these antimicrobials) ( Table 1) .
Statistical analysis of the results of resistance in E. faecalis and E. faecium isolates showed statistically significant differences in the case of 3 antimicrobials: ciprofloxacin, kanamycin, and streptomycin. Resistance to the other antimicrobials tested also was noted among the isolates of E. faecalis and E. faecium at a different frequency, but the statistical probability obtained did not reveal the level of significance.
Analysis of the level of resistance allowed distinguishing 27 phenotypic resistance profiles. Their number was varied and depended on the species: 8 and 19 distinct profiles were shown for E. faecalis and E. faecium, respectively (Table 2 ). In the case of E. faecalis, the dominant profile (n = 19; 43.2%) comprised strains characterized by resistance to erythromycin, kanamycin, streptomycin, and tetracycline (EKST). Simultaneously, 25% (n = 11) of the E. faecalis strains were susceptible to all of the chemotherapeutic agents tested.
The E. faecium strains were characterized by a significantly higher degree of variation in resistance; among 19 separate profiles, the EKT (n = 12, 17%), EKST, and CET (both included 6 strains; 8.6%) were the most frequently noted profiles. Moreover, isolates susceptible to all the antimicrobials tested accounted for 21.4% (n = 15) ( Table 2) .
A significant percentage of the isolates met the criteria of multi-drug resistance (MDR). The proportion of MDR strains was 56.8% (n = 25) and 58.6% (n = 41), respectively, for E. faecalis and E. faecium.
ADSRRS-fingerprinting
The genotypic analysis of the strains tested (n = 114) revealed, depending on the species, the presence of 20 to 24 bands ranging in size from 110 to 3.200 bp in E. faecalis and 32 to 41 bands (100-3.300 bp) in E. faecium (Figures S1 and S2 show selected representatives of the specific profiles).
Within individual species, different genotypic profiles were noted (E. faecalis -A 1 -H 1 -10 profiles and E. faecium -A 2 -T 2 -24 profiles), and these were closely correlated with their phenotypic resistance profiles ( Figure S1 , Figure S2 , Table 3 ). Three different genotypes were distinguished and designated as L 2 1, L 2 2, and L 2 3 only in the case of the phenotypic profile EKT of E. faecium (Table 3) . Similarly, in the case of strains susceptible to all of the chemotherapeutics tested, 3 (for E. faecalis) or 4 (for E. faecium) different electrophoresis profiles were shown and designated as H 1 1, H 1 2 , H 1 3 and T 2 1, T 2 2, T 2 3, T 2 4, respectively. 1 AMP-ampicillin, CIP-ciprofloxacin, ERY -erythromycin, GEN-gentamicin, KAN-kanamycin, RIF-rifampin, STR-streptomycin, TET-tetracycline, Q-D -quinpristin -dalphopristin.
2 NT -Not tested for E. faecalis due to its natural resistance. 3 Profiles were created from the first letters of the names of antimicrobials to which given strains are resistant.
The similarity coefficients between the profiles of E. faecalis were lower than between the profiles of the E. faecium strains, and their ranges were 0.85-0.48 for the profiles of E. faecalis and 0.92-0.71 for the profiles of E. faecium.
Genotypic Resistance and Virulence Profiles
Among the tested panel of 8 genes encoding aminoglycoside modifying enzymes (AME) in the tested strains, the presence of genes [aph(
, and [ant(9)-Ia] was mainly noted (Table 3) .
Gene aac ( Regardless of the phenotypic resistance profile, E. faecium strains were also characterized by the presence of the aac(6 )-Ii gene (Table 3) .
Phenotypic resistance to erythromycin was encoded in most strains (61/62) of both species by the ermB gene, except for profile B 2 , which was characterized by the presence of the ermA gene. Genotypic resistance to tetracycline was associated with the presence of the tet genes in various configurations (Table 3 ). E. faecium isolates were generally characterized by the presence of the tetM gene (12/14 genotypic profiles resistant to tetracycline) and the tetL gene (profiles B 2, E 2, F 2, J 2, L 2 1, M 2 , O 2, R 2 ) and the absence of the tetO gene. In contrast, the E. faecalis isolates were characterized by the presence of tetO (A 1, C 1, F 1 ) and, in a lower range, tetM (A 1 ,D 1 ) and tetL (D 1 i F 1 ) (Table 3) . Only in strains of E. faecium (profiles D 2, J 2, L 2 1 , L 2 3, O 2 ), the resolvase gene tndX from the transposon Tn5397 was present. Twelve strains (4 E. faecalis and 8 E. faecium) possessed the Int-Tn gene carrying transposon of the Tn916-1545 family (Table 3 ). All isolates that were positive for the Tn5397 or Tn916-1545 elements possessed tetM and ermB genes.
The analysis of the genotypic profiles of virulence showed high homogeneity within the E. faecium species. Regardless of the genotypic profile (ADSRRSfingerprinting), all the tested strains belonging to this 
efaAfm, ccf species showed the presence of the efaAfm and ccf genes only.
In the case of E. faecalis, a greater diversity of virulence genes was demonstrated. All strains showed the presence of efaAfs, gelE, and genes encoding sex pheromones (cpd, cob, ccf ) . The gene encoding aggregation protein (agg) was found only in strains belonging to profiles A 1, B 1 . and H 1 3. None of the strains exhibited genes responsible for hemolysin-cytolysin production (cyl genes) and the esp gene.
Comparative analysis of the phenotypic and genotypic resistance and virulence profiles and confrontation thereof with the genotypes of the strains tested (ADSRRS-fingerprinting profiles) showed that strains assigned to a particular genotype had an identical phenotypic resistance profile and a panel of resistance and virulence genes (Table 3) .
In some cases, strains showing an identical profile of phenotypic resistance or strains susceptible to all the antimicrobials tested exhibited more than one genotypic profile (Fig. S1 and Fig. S2 ). E. faecium strains with the phenotypic resistance profile EKT (L 2 ) had 3 separate genotypic profiles (Fig. S2) but the only evident difference between them was the absence of the tetL gene in strains belonging to the L 2 2 profile. For strains belonging to L 2 1 and L 2 3 (for which the similarity coefficient was 0.88), the same panel of resistance and virulence genes was observed. Within the susceptible strains of E. faecalis and E. faecium, 3 and 4 different genotypic profiles were observed, respectively (Fig. S1 and Fig. S2) .
The distribution of particular species of Enterococcus and their genotypic profiles in the animals tested were varied. Of the 66 animals analyzed in the present study, 48.5% were carriers of more than one genotype of both tested species of Enterococcus (2 or 3 genotypes in various proportions) ( Table 4 ). The other 34 animals showed the presence of only one genotype belonging to E. faecium or E. faecalis.
Moreover, the presence of C 1 (E. faecalis) and L 2 1 (E. faecium) genotypes was noted in animals originating from a few different flocks (respectively, from 7 and 4 out of the 10 flocks tested in the present study) (Table S2 ).
DISCUSSION
Bacteria of the genus Enterococcus are considered as opportunistic pathogen. Among the many species of Enterococcus, the greatest epidemiological importance is assigned to E. faecium and E. faecalis (third and fourth most prevalent nosocomial pathogen worldwide) (Dicuonzo et al., 2001) ; therefore, the current study focused on the phenotypic and genotypic analysis of isolates belonging to these species. Of the 264 strains of Enterococcus spp. isolated from the broilers, 230 (87%) belonged to the E. faecalis or E. faecium, wherein E. faecium was dominant and was isolated from 72.9% of the birds, while E. faecalis was detected in only 47.1%. Similar results were obtained by Jackson et al. (2004) and Seputiene et al. (2012) . However, most authors indicated a higher incidence of E. faecalis in poultry (Liu et al., 2012; Hidano et al., 2015; St epień-Pyśniak et al., 2016) or the percentage of isolation of this species was at a similar level (Aarestrup et al., 2000) . The causes of these discrepancies may be different; an indirect influence may be exerted by the geographic region (Liu et al., 2012) as well as the range and type of feed or antimicrobial agents used (Beukers et al., 2015) . The substantially higher proportion of isolation of E. faecium, compared to E. faecalis in the present study, also may be due to the different sampling strategy (4 isolates from each individual).
As in other countries, the E. faecalis and E. faecium strains were mostly resistant to tetracyclines and macrolides. The percentage of resistant strains, depending on the country and/or the continent, ranged from 94.2 to 35.2% and from 75.7 to 29.8% for tetracycline and macrolides, respectively (Liu et al., 2012; Seputiene et al., 2012; Maasjost et al., 2015) . Such a high level of resistance is probably the consequence of intensive use of macrolides and tetracyclines for therapeutic purposes in poultry, both in Poland and in other European countries (ESVAC report, 2015) . Resistance to tetracycline is often accompanied by resistance to erythromycin (macrolides) (Hidano et al., 2015) . In the present study, in a group of 88 isolates resistant to at least one of these antimicrobials, 58 strains (66%) were resistant to both tetracycline and erythromycin.
Phenotypic resistance to tetracycline at the molecular level is varied and depends on the species of Enterococcus (Tremblay et al., 2011) . For E. faecium isolated in this study, resistance to tetracycline was encoded in 95.5% by the tetM gene alone or in combination with tetL. The resistance to tetracycline of the E. faecalis strains was mostly determined by the tetO gene (83%), which is most frequently discovered in tetracycline resistant strains isolated from poultry and 
J 2 + L 2 2 (1) H 1 2 + T 2 1(2) S 2 (2) K 2 + P 2 (1) M 2 (4) R 2 + S 2 (1) T 2 1(1) T 2 2 (1) T 2 3 (3) n = 34 n = 4 n = 10 n = 11 n = 3 n = 4 from retail chicken products (Aarestrup et al., 2000; Tremblay et al., 2011; Hidano et al., 2015) but it also has been demonstrated in strains isolated from other species (cats) (Jackson et al., 2010) and humans (Aarestrup et al., 2000) . As in the present study, this gene has generally been demonstrated as a single tetracyclineresistance determinant (Aarestrup et al., 2000) . The resistance to macrolides of the strains isolated in this study was linked mainly with the presence of the ermB gene, which confers cross-resistance to MLS B antimicrobials (high-level resistance to macrolides, lincosamides, and streptogramins type B) in Enterococcus spp. (Hollenbeck and Rice, 2012). The only exception was one strain of E. faecium exhibiting the presence of the ermA gene, which like ermC is more frequently associated with resistance to macrolides in Staphylococcus (Roberts, 2005) . The high frequency of the concurrent prevalence of phenotypic resistance to macrolides and tetracyclines appears to be justified in molecular studies. Acquired resistance to tetracycline is often present in enterococcal isolates carrying the ermB gene, also in the case of strains isolated from poultry (Tremblay et al., 2011) . These strains, as well as other gram-positive species of bacteria, are frequently carriers of highly mobile conjugative transposon Tn1545 containing the tetM and ermB genes (Radhouani et al., 2011) . In the present study, 25% of positive tetM and ermB strains carried specific for Tn916/Tn1545-like Int-Tn gene. Moreover 37.2% of E. faecium strains with tetM gene were carriers of tndX gene characteristic for another conjugative transposon Tn5397. Our results are consistent with previous reports (Cauwerts et al., 2007; Tremblay et al., 2011) and suggest that tetracycline resistance in poultry associated with tetM gene, may be largery transferable by conjugative transposons.
In contrast, a majority of the tetracycline-and erythromycin-resistant E. faecalis isolated in this study, were carriers of both ermB and tetO genes. Tremblay et al. (2011) showed that both these genes may be located on a low-molecular-weight plasmid of ca. 11 KB occurring in E. faecalis strains isolated from poultry.
The high percentage of high-level aminoglycoside resistance strains (HLAR) shown in this study was at a similar level as that reported from poultry in Europe, including Poland (Seputiene et al., 2012; Różańska et al., 2015) , and from humans (nosocomial strains) (Sieńko et al., 2014) . Among the 3 aminoglycosides tested (gentamicin, kanamycin, and streptomycin), the highest percentage was reported for kanamycin (HLKR) (42.1%) and the phenotypic expression of resistance was encoded mainly by the aph(3 )-IIIa gene. Other genes determining HLKR and detected only in single isolates in this study [(ant(4 ) Ia and aph(2")-Id)] have been shown very occasionally in Enterococcus (Kobayashi et al., 2001; Radhouani et al., 2011; Tremblay et al., 2011) ; the ant(4 )-Ia gene is rather commonly found in S. aureus isolates (Kobayashi et al. 2001 ) and the aph(2 )-Id gene confers resistance to other aminoglycosides: gentamicin, tobramycin, netilmycin, and dibekacin in Enterococcus spp. (Chow, 2000) .
High-level gentamicin resistance (HLGR) strains of E faecalis and E. faecium were characterized by the presence of the aac(6 )-Ie-aph(2 )-Ia gene encoding a bifunctional enzyme whose activity is related to the occurrence of resistance to all clinically available aminoglycosides but not streptomycin (Chow, 2000) . This gene is considered to be largely responsible for gentamicin resistance in Enterococcus (Jackson et al., 2010) . Phenotypic expression of high-level streptomycin resistance (HLSR) was encoded for a majority of E. faecalis (90.5%) by ant(6)-Ia, the most commonly detected gene in HLSR isolates (Chow, 2000; Jackson et al., 2004) . In the case of the E. faecium strains, this proportion was much lower and amounted to 44.4%. The resistance of the other strains to streptomycin could be associated with the presence of the ant(3 )-Ia [(aadA) ] gene determining resistance to streptomycin and spectinomycin (but this was not included in this study) as well as the presence of other unrecognized aminoglycoside resistance genes or changes related to ribosomal mutations (Jackson et al., 2004; Hollenbeck and Rice, 2012) .
The presence of the aac(6 )-Ii gene in all the isolated strains of E. faecium confirms intrinsic low-level resistance to kanamycin (the MIC for kanamycin of all E. faecium analyzed in this study was ≥ 128 μg/ml) and probably to tobramycin and netilmycin (Chow, 2000; Jackson et al., 2004) .
It was surprising to demonstrate the ant(9)-Ia gene in many strains of both Enterococcus species (22.8%). This gene conferring resistance to spectinomycin was commonly found in S. aureus (Clark et al., 1999) and less frequently in Enterococcus (Kobayashi et al., 2001) . The presence of this gene may be related to the widespread use of aminocyclitols, including spectinomycin, in poultry (Giguere et al., 2013) .
The percentage of strains resistant to the other antimicrobials tested, except for resistance to fluoroquinolones (21.9%), was relatively low and remained at a similar level to that recorded in other European countries (Seputiene et al., 2012; Maasjost et al., 2015; Różańska et al., 2015) .
Apart from their role as carriers of resistance determinants, Enterococcus spp. Also may be responsible for transmission of virulence traits to other microorganisms, including pathogenic species, and in some certain predisposing conditions can be a main cause of systemic infections (Ali et al., 2014) .
The genetic profile of the E. faecium and E. faecalis virulence was only slightly diversified within the species. All the E. faecium strains were characterized by the presence of the efaEfm and ccf genes only. Similar results were observed by other authors (Eaton and Gasson, 2001; Seputiene et al., 2012) . Only E. faecium isolated from nosocomial infection were characterized by a greater diversity of virulence genes (Comerlato et al., 2013; Soheili et al., 2014) . E. faecalis had a substantially wider panel of virulence genes. The genome of all the tested strains belonging to E. faecalis included genetic determinants of cell wall adhesins (efaAfs), a very common gene in both clinical and commensal strains (Eaton and Gasson, 2001; Comerlato et al., 2013) , the gelE gene encoding multifunctional metalloprotease, which plays an important role in biofilm formation (Sava et al., 2010) , and genes encoding sex pheromones (cpd, cob, ccf) . A small percentage of the E. faecalis strains (18.2%; 8/44) exhibited the presence of the agg gene encoding a multifunctional virulence factor -aggregation substance. Aggregation substance promotes cell conjugation by bacterial aggregation, which results in close contact between donor and recipient cells (Sava et al., 2010) . This phenomenon can increase virulence traits and antimicrobial resistance of recipient E. faecalis strains (Eaton and Gasson, 2001) .
The molecular analysis (with the ADSSRSfingerprinting method) revealed a high level of genetic diversity among the E. faecium and E. faecalis populations in poultry from southern and eastern Poland; 24 and 10 profiles have been shown, respectively. Higher genomic variability among PFGE profiles of E. faecium also was observed by Dicuonzo et al. (2001) . Our study has shown that the ADSSRS-fingerprinting profiles are strongly determined by molecular resistance elements. The results obtained in the present study confirm the analysis of results obtained in previous studies (unpublished data) on the pool of Enterococcus strains isolated from pigs originating from 5 different herds. Molecular analysis (with the ADSSRS-fingerprinting method) of strains belonging to E. faecalis, E. faecium, and E. hirae also showed a high correlation between the phenotypic resistance profile and the genetic profile. A similar regularity concerning the consistency of genetic profiles (PFGE profiles) with resistance profiles was observed by other authors (Dicuonzo et al., 2001; Khan et al., 2005; Katsunuma et al., 2008; Jackson et al., 2010) although their studies were carried out mainly on the pool of VRE or HLAR strains. Furthermore, Dicuonzo et al. (2001) , Katsunuma et al. (2008) , and Jackson et al. (2010) have shown that strains with the same or very similar pulsotypes (and similar antibiograms) can be isolated from different sources (different individuals), which suggests that bacteria with a specific resistance profile can move from one animal to another (Khan et al., 2005; Jackson et al., 2010) and probably spread among chicken farms. These observations are clearly confirmed in the present study; the presence of the C 1 (E. faecalis) and L 2 1 (E. faecium) genotypes has been shown in 7 and 4 flocks out of 10, respectively.
The results obtained further suggest that reliable assessment of the level of drug-resistant strains of Enterococcus spp. in a given environment requires not only phenotypic and molecular analysis of resistance of the greatest possible number of herds or production groups (samples are collected from randomly selected individuals) (Aarestrup et al., 2001 ), but also isolation and characterization of several isolates derived from the same individual. The introduction of such an extended strategy of analysis is particularly important in epidemiological studies on multi-drug resistant strains. The phenomenon of harbouring of multiple strains in single individuals also has been observed in other species of animals, including dogs and cats (Jackson et al., 2010) as well as pigs (unpublished data).
The results of this study confirm that poultry can be a reservoir of resistant and multi-resistant Enterococcus strains. These commensal E. faecium and E. faecalis strains possess multiple combinations of resistance and virulence genes, which not only determine the phenotypic characteristics but also have a close correlation with the genotypic profiles of strains.
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